Pathol. Oncol. Res. (2016) 22:875–876
DOI 10.1007/s12253-016-0092-3

LETTER TO THE EDITOR

Frameshift Mutation of MED25, a Transcription Regulator,
and its Mutational Heterogeneity in Colorectal Cancers
Yun Sol Jo 1 & Min Sung Kim 1 & Nam Jin Yoo 1 & Sug Hyung Lee 1

Received: 4 August 2015 / Accepted: 6 July 2016 / Published online: 12 July 2016
# Arányi Lajos Foundation 2016

To the Editor:
MED12 somatic mutations are highly recurrent in uterine
leiomyoma and breast fibroadenoma, suggesting that MED gene
mutations might play roles in tumor development [1, 2]. The
Mediator (MED) functions as a bridge to convey information
from gene-specific regulatory proteins to the basal RNA polymerase II transcription machinery [3]. Mediator is recruited to
promoters by direct interactions with regulatory proteins and
serves as a scaffold for the assembly of a functional preinitiation
complex with RNA polymerase II and the general transcription
factors. There are more than 20 MED complexes that exist in
two distinct forms, i.e., CDK8-mediators and non-CDK8 core
mediators [3]. In addition to the roles in general transcription,
the MEDs function as a regulator for diverse biological processes, including differentiation, proliferation and tumorigenesis that
are related to tumor development [3]. MED25 (also known as
ACID1, ARC92 and PTOV2), a non-CDK8 core MED, is functionally associated with the activation domains of multiple cellular and viral transcriptional activators, including the herpes
simplex viral activator VP16, sterol regulatory element binding
protein and NF-kappa B [4]. Transcriptional activity of RA
receptor that plays a role in cancer therapy is enhanced by association of MED25 with CREB-binding protein [4]. However,
alterations of MED25 in cancers remain unknown. Cancer de-
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velopment initiates through a clonal expansion of a single cell,
but the cells usually become heterogeneous after branching subclonal expansions, which leads to intra-tumor heterogeneity
(ITH). This ITH contributes to tumor aggressiveness and may
impede the accurate diagnosis/prognosis [5].
In a public genome database (http://genome.cse.ucsc.edu/),
we found that human MED25 had a mononucleotide repeat in
the coding sequences that could be a target for frameshift
mutation in cancers exhibiting microsatellite instability (MSI).
Frameshift mutation of genes containing mononucleotide
repeats is a feature of colorectal cancers (CRC) with MSI [6].
To date, however, it is not known whether MED25 gene is
mutationally altered in CRC with MSI. In this study, we analyzed a C7 repeat in the MED25 exon 6 by polymerase chain
reaction (PCR)-based single-strand conformation polymorphism (SSCP) assay. We used methacarn-fixed tissues of 89
high MSI (MSI-H) CRCs and 52 microsatellite-stable (MSS)
CRCs. For 16 of the 89 MSI-H CRCs, we collected four to
seven different tumor areas from the same patients and analyzed
ITH of MED25 mutation. In cancer tissues, malignant cells and
normal cells were selectively procured from hematoxylin and
eosin-stained slides by microdissection [7]. Radioisotope ([32P]
dCTP) was incorporated into the PCR products for detection by
autoradiogram. The PCR products were subsequently displayed
in SSCP gels. After SSCP, direct DNA sequencing reactions
were performed in the cancers with mobility shifts in the
SSCP as described previously [7].
On the SSCP, we observed aberrant bands of MED25 gene
in seven CRCs. DNA from the patients’ normal tissues
showed no shifts in SSCP, indicating the aberrant bands had
risen somatically. DNA sequencing analysis confirmed that
the aberrant bands represented a recurrent MED25 frameshift
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Fig. 1 Intratumoral heterogeneity of an MED25 frameshift mutation in a colon cancer. Direct DNA sequencings show MED25 c.620delC mutation
(MT) in a regional biopsy (49–6) and wild-type (WT) MED25 in the other five regional biopsies (49–2, 49–3, 49–4, 49–5 and 49–7)

mutation (deletion of one base) in the C7 repeat (c.602delC)
that would result in a frameshift mutation (p.
Pro201ArgfsX13). They were detected in the CRCs with
MSI-H (7/89: 7.9 %), but not in those with MSS (0/52)
(Fisher’s exact test, p = 0.036). The frameshift mutation
showed ITH in three CRC cases. Case #49 showed the mutation in one out of six regional biopsies (Fig. 1). Likewise,
cases #34 and #39 showed one of seven and one of six regional biopsies, respectively.
The aim of this study was to find MED25 mutation that
might alter the MED module. The frameshift mutation detected
in the current study would result in a premature stop of amino
acid synthesis and hence resembles a typical loss-of-function
mutation. Based on this observation, it can be thought that truncated MED25 by the mutation might disrupt the proper formation of the MED module. Similarly, uterine leiomyoma-linked
mutation in MED12 disrupts mediator-associated CDK activity
[8]. Through our analyses, we noted ITH for MED25 mutations
in three CRC samples tested. The data are in agreement with the
earlier observation showing that genetic ITH for microsatellite
markers, as well as repeat sequences within coding genes, may
be encountered [9]. In the context of clinical practice, our ITH
data suggest that there could be an under- or over-estimation of
the occurrence of frameshift mutations in MSI-H cancers.
Therefore, we propose that the role of ITH in MED25 should
be clarified in conjunction with the identification of the role of
MED genes in CRC.
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